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(54) Planar antenna structure 



(57) The invention relates to the structure of a dual- 
band planar antenna. The radiating element (210) in a 
planar antenna (200) has a slot consisting of two por- 
tions of different widths. One end of the wider portion 
(216) of the slot is close to the feed point (S) of the ra- 
diating element. The narrower portion (21 7) of the slot 



starts from a point in the wider portion and extends to 
the edge of the radiating element. The portions of the 
slot are advantageously straight. The order of magni- 
tude of the ratio (w<,/w 2 ) of the widths of the portions is 
three. An advantage of the invention is that the band- 
widths of a dual-band planar antenna are larger than 
those of prior-art structures of the same size. 
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Description 

[0001 ] The invention relates to a dual-band planar an- 
tenna structure applicable in mobile communication de- 
vices, for example. t 5 
[0002] Mobile communication devices, especially 
those operating at two frequency bands, have grown 
more popular in recent years, subsequent to the intro- 
duction of frequency ranges around the two-gigahertz 
region. The lower frequency band is usually 890-960 io 
MHz used by the GSM (Global System for Mobile tele- 
communications) system or 824-894 MHz used by the 
American AMPS (Advanced Mobile Phone System) net- 
work. The upper operating frequency band may be e.g. 
1710-1880 MHz used by the DCS (Digital Cellular Sys- ^ 
tern) and PCN (Personal Communication Network) or 
1850-1990 MHz used by the PCS (Personal Communi- 
cation System). The future UMTS (Universal Mobile Tel- 
ecommunication System) has been allocated transmis- 
sion and reception bands in the 1 900-21 70 MHz range. 20 
Thus it is obvious that the operating bands may be rel- 
atively wide, which sets additional requirements on the 
antenna of a mobile communication device. 
[0003] From the prior art it is known a number of an- 
tenna structures that have at least two operating fre- 2s 
quency bands. Mobile communication devices use var- 
ious combination antennas such as a combination of a 
whip and helix antenna or a combination of a whip and 
planar inverted-F antenna (PIFA). In addition, PIFA-type 
antennas are known which by themselves operate at 30 
two frequency ranges. Fig. 1 shows one such prior-art 
antenna structure. It comprises a radiating plane 110, a 
ground plane 120 parallel to said radiating plane, and a 
short-circuit element 102 between these two planes. In 
this example, the antenna is fed at a position 101 of its 35 
edge. The radiating plane 110 has a relatively narrow 
slot 115 in it, starting at one edge of the plane, making 
a rectangular bend, and extending close to the feed po- 
sition 101. Viewed from the feed position, the slot 115 
divides the plane 1 1 0 up into two branches 1 1 1 and 112. *o 
Operation at two frequency bands is based on the fact 
that these branches have quite different resonance fre- 
quencies. Antenna matching can be adjusted by varying 
the feed position 101 as well as the location of the short 
circuit 102. Desired values for the resonance frequen- 45 
cies of the antenna can be obtained by varying the lo- 
cation of the slot 1 1 5 and the number of bends in it. The 
disadvantage of the structure is that it may be difficult to 
accomplish a sufficient bandwidth at both operating fre- 
quency ranges. The frequency bands can be widened 50 
by increasing the distance between the radiating ele- 
ment and ground plane, but this arrangement has the 
drawback of making the antenna larger. 
[0004] The primary object of the invention is to im- 
prove the band characteristics of a dual-band PIFA. The ss 
structure according to the invention is characterized by 
what is expressed in the independent claim 1 . Preferred 
embodiments of the invention are presented in the other 



claims. 

[0005] Described briefly, the invention is as follows: In 
the radiating element of the PI FA there is provided a slot 
consisting of two portions having different widths. One 
end of the wider portion of the slot is close to the feed 
point of the radiating element. The narrower portion of 
the slot begins at a point in the wider portion and extends 
to the edge of the radiating element. The portions of the 
slot are advantageously straight, but the narrower por- 
tion may have bends in it in order to form the branches 
of the radiating element. The ratio of the widths of the 
portions of the slot is order of three. 
[0006] An advantage of the invention is that the band- 
widths of a dual-band PIFA can be made larger than 
those of prior-art structures of the same size. Another 
advantage of the invention is that the structure accord- 
ing to it is simple and has relatively low manufacturing 
costs. 

[0007] The invention will now be described in detail. 
Reference will be made to the accompanying drawing 
wherein 

Fig. 1 shows an example of a PI FA according to the 
prior art, 

Fig. 2 shows an example of a PIFA according to the 
invention, 

Fig. 3a shows an example of the effect on the an- 
tenna characteristics of the narrower portion 
of the slot, 

Fig. 3b shows an example of the effect on the an- 
tenna bandwidths of the ratio of the widths 
of the portions of the slot, 

Fig. 4 shows alternative radiating element shapes 
according to the invention, and 

Fig. 5 shows an example of a mobile communica- 
tion device equipped with an antenna ac- 
cording to the invention. 

[0008] Fig. 1 was already discussed in connection 
with the description of the prior art. 
[0009] Fig. 2 shows an example of the antenna struc- 
ture according to the invention, drawn simplified, without 
any supporting structures. The antenna 200 comprises 
a radiating element 210, ground plane 220 and a short- 
circuit element 202 between these two. The outer con- 
ductor of the antenna feed line 201 is connected to the 
ground plane from underneath in the drawing. The inner 
conductor of the feed line is connected through a hole 
in the ground plane to the radiating plane 210 at a point 
S, close to the front edge of the radiating element in this 
figure. What is essential regarding the invention is the 
shape of the slot in the radiating element. The slot con- 
sists of two portions. The first portion 216 is rectangular, 
having a width of w v the longer side of which is longi- 
tudinally positioned. The first portion 216 of the slot is 
entirely within the area of the element 21 0 and it extends 
relatively close to the element feed point S. The second 
portion 217 of the slot is rectangular, too, in this exam- 
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pie. The second portion opens into the first portion 216 
on its longer side and extends transversely to the left- 
hand longitudinal edge of the radiating element. The 
width of the second portion 21 7 is w 2 . The first and sec- 
ond portions together divide the radiating element 210, 
viewed from the feed points, into two branches 211 and 
212 which have different resonance frequencies. 
[001 0] Transverse direction means in this description 
and in the claims the direction of the front edge of the 
radiating element, i.e. the edge that is closest to the feed 
point S. Conversely, longitudinal direction means in this 
description and in the claims the direction of the edges 
essentially perpendicular to the transverse direction of 
the radiating element. 

[0011] In the structure according to the invention the 
widths Wt and w 2 of the slot portions are relatively great, 
which is due to the objective of increasing the antenna 
bandwidths. Making the slots wider decreases the cou- 
pling between the branches 211 and 212, which makes 
the bandwidths larger. Furthermore, another radiation 
mechanism begins to operate to a significant extent in 
the antenna: branches 211 and 2 1 2 and the capacitance 
between them in slot 217, when they are suitably dimen- 
sioned, act as a loop antenna at the upper operating fre- 
quency band, which can be utilized in making the upper 
operating band wider. 

[0012] An advantageous size of the structure in Fig. 
2 is e.g. as follows: The traverse length St of radiating 
element 210 is 20 mm, the longitudinal length Sg of of 
radiating element is 35 mm and the height h of antenna 
structure is 5-6 mm. 

[0013] Fig. 3a shows an example of the effect of the 
width w 2 of the second, i.e. narrower, portion of the slot 
in the radiating element on the band characteristics of 
the antenna. Shown in the Figure are the relative chang- 
es of the lower operating band AB^ and upper operating 
band AB 2 as well as the ratio f 2 /f 1 of the center frequen- 
cies of the upper and lower operating bands as a func- 
tion of the width of the second portion of the slot. As the 
slot width w 2 grows from 0.6 mm to 2.8 mm, the width 
ABt of the lower operating band grows by a little more 
than 20%, relatively quickly at first and more slowly at 
the end. The width AB 2 of the upper operating band 
grows by about 10%, slowly at first and more quickly at 
the end. As the slot width w 2 grows from 0.6 mm to 2.8 
mm, the ratio f 2 ^f 1 of the center frequencies of the upper 
and lower operating bands grows from about 1 .85 to 
about 2.1. These results are valid for antenna dimen- 
sions where the width of the first portion of the slot 
is 4.5 mm. 

[0014] Fig. 3b illustrates the effect of the ratio of the 
widths of the portions of the slot in the radiating element 
on the bandwidths of the antenna. The Figure shows 
that as the ratio w/Wg of the slot widths grows from 1 to 
7, the width A3, of the lower operating band decreases 
by nearly 25%, slowly at first and more quickly at the 
end. Similarly, as the ratio w 1 /w 2 of the slot widths grows 
from 1 to 6, the width AB 2 of the upper operating band 



grows by about 40%, relatively quickly at first and more 
slowly at the end. As the ratio w 1 /w 2 grows further, the 
bandwidth AB 2 starts to decrease slowly. 
[0015] The prior art corresponds to a structure in 

5 which the widths of the portions of the slot in the radiat- 
ing element are both relatively small, well under 1 mm. 
Figs. 3a and 3b show e.g. that the structure according 
to the invention makes possible a bandwidth 20% larger, 
at least for the upper operating band. Let us assume e. 

10 g. that the center frequencies desired are f 1 = 925 MHz 
and f 2 = 1795 MHz. The ratio f 2 /f 1 is then 1 .94. This cor- 
responds according to Fig. 3a to a width w 2 of about 1 .3 
mm. If width w-, is 4.5 mm, as in Fig. 3b, the ratio w^Aa^ 
is 3.4, approximately. Compared to an imaginary situa- 

15 tion in which both widths and w 2 are 0.6 mm, the 
increase in the width B 1 of the lower operating band is 
about 10 - 2 = 8%, and the increase in the width B2 of 
the upper operating band is about 29 + 1 = 30%. 
[0016] In practice, the dimensions of the antenna are 

20 not obtained direct from the curves according to Figs. 
3a and 3b. First, it is selected a relatively high value for 
the width w v Then it is found a value for the width w 2 
such that the frequency ratio f 2 /f 1 is correct. This proce- 
dure is iterated until both the values of the frequencies 

25 f 1 and f 2 and their ratio are correct. The aim is that the 
ratio w-,/w 2 of the slot widths is between 2 and 4. This 
ensures a relatively large increase in the width B2 of the 
upper operating band without a considerable decrease 
in width B 1 of the lower operating band from the value 

30 that it has on the basis of the enlarged width w 2 . 

[0017] Fig. 4 shows a few alternative radiating ele- 
ment shapes. The top leftmost subfigure (a) shows a 
shape that corresponds to Fig. 2. In that shape the wider, 
i.e. the first, portion of the slot is longitudinal in relation 

35 to the radiating element 410 and is relatively close to 
that longitudinal edge of the element 41 0 which is shown 
lower in the figure. The narrower, i.e. the second, portion 
of the slot starts at the middle of the first portion, approx- 
imately, and extends transversely and directly to that 

40 longitudinal edge of the element 41 0 which is shown up- 
per in the figure. Subfigure (b) shows a shape in which 
the second portion of the slot starts from a location close 
to that end of the first portion which is closest to the el- 
ement feed point S. Subfigure (c) shows a shape in 

45 which the second portion of the slot starts from a location 
close to that end of the first portion which is farthest 
away from the feed point S of the element. Subfigure (d) 
shows a shape in which the second portion of the slot 
starts from a location close to that end of the first portion 

50 which is farthest away from the feed point S of the ele- 
ment and continues obliquely, opening into the longitu- 
dinal edge of the element near the edge closest to the 
feed point. Subfigure (e) shows a shape in which the 
second portion of the slot starts from a point close to 

55 that end of the first portion which is closest to the feed 
point S of the element and continues obliquely, opening 
into the longitudinal edge of the element closer to the 
edge opposite to the feed point. Subfigure (f) shows a 
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shape in which the second portion of the slot starts lon- 
gitudinally from that end of the first portion which is clos- 
est to the feed point S of the element, makes a rectan- 
gular turn and extends transversely to the upper longi- 
tudinal edge of the element. Subfigure (g) shows a 
shape in which the second portion of the slot starts 
transversely from a location close to that end of the first 
portion which is closest to the feed point S of the ele- 
ment, continues longitudinally towards the opposite end 
of the element and finally extends transversely to the 
upper longitudinal edge of the element. Subfigure (h) 
shows a shape in which the second portion of the slot 
starts transversely from a location close to that end of 
the first portion which is opposite to the element feed 
point S, continues longitudinally towards the end closest 
to the element feed point and finally extends transverse- 
ly to the upper longitudinal edge of the element. Subfig- 
ure (i) shows a shape in which the second portion of the 
slot starts from a location close to that end of the first 
portion which is farthest away from the feed point S of 
the element and curves to that edge of the element 
which is closest to the feed point. 
[0018] Fig. 5 shows a mobile communication device 
500. It comprises an antenna 200 according to the in- 
vention, located entirely inside the housing of the mobile 
communication device. 

[0019] Above it was described the basic solution ac- 
cording to the invention and some variants thereof. As 
regards the design of the radiating element, the inven- 
tion is not limited to the solutions described. Moreover, 
the invention does not limit other structural solutions of 
the planar antenna, nor its manufacturing method. The 
inventional idea can be applied in different ways without 
departing from the scope defined by the independent 
claim 1 . 



Claims 

1. An antenna structure comprising a radiating plane 
and ground plane, said radiating plane having a slot 
extending to its edge in order to create two separate 
operating frequency bands, characterized in that 
said slot comprises a first portion (216), which is 
substantially longitudinal and extends close to the 
feed point (S) of the radiating element (210), and a 
second portion (217), which at one end opens into 
said first portion and at the other end to the edge of 
the radiating element, the ratio of the width of the 
first portion to the width of the second portion being 
greater than one and a half. 

2. The structure of claim 1 in which said first portion is 
substantially shaped like a rectangle the shorter 
side of which is the aforementioned width of the first 
portion, characterized in that the intersection of the 
first portion and second portion is on the longer side 
of the first portion. 



3. The structure of claim 1 in which said first portion is 
substantially shaped like a rectangle the shorter 
side of which is the aforementioned width of the first 
portion, characterized in that the intersection of the 

s first portion and second portion is on the shorter 
side of the first portion. 

4. The structure of claim 1 , characterized in that said 
second portion is substantially straight. 

10 

5. The structure of claim 1 , characterized in that said 
second portion has at least one substantially rec- 
tangular bend. 

15 6. The structure of claim 1 , characterized in that the 
ratio of the width of said first portion to the width of 
said second portion is greater than two and less 
than four. 

20 7. A radio apparatus (500), characterized in that its 
antenna (200) comprises a radiating plane and 
ground plane, which radiating plane has a slot so 
as to create two separate operating frequency rang- 
es, which slot comprises a first portion substantially 

25 longitudinal and extending close to the feed point of 
the radiating element, and a second portion, which 
at one end opens into said first portion and at the 
other end to the edge of the radiating element, the 
ratio of the width of the first portion to the width of 

30 the second portion being greater than one and a 
half. 
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PRIOR ART 





Fig. 1 



102 




Fig. 2 
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Fig. 3a 




6 



EP 1 079 462 A2 






This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

Qf BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: • : . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



